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ABSTRACT

These tests were made to evaluate the accuracy of registration
attainable when w use the Fairchild Radar Recording Camera with tho
Mi~chell Backgro-nd Projector zzechanism for high-accuracy registration
and reduction equipment for planned solar studceso' The tests revealed
that a modified camera will be suitable for much of our work, but that
the camera unmodified does not provide satisfactory operation for most
of the planned uses.
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L INTOUDUCTION .

•The Fairchild Hadar Recording Camera presents many attractive
features for us as a recording camerp for solar studies. Its ease of
film changing and its compactness especial• y recommend it. On the
other hand the solenoid operation is abrupt, producing a substantial
impact at the film advance cycle, and the film claw in its retur.-
across the sprocket holes rests on the film heavily enough, it seems,
perhaps to damage or enlarge the sprocket holes enough to be detri-
mental when high-accuracy registration is invo3ved.

To evaluate some of these factors we have conducted the tests
reported here* i,'e wish to have cameras in which it is possible for
us to return a piece of exposed 35 mm. motion ictbLre film to a film
or projector accuracy with a differential displacement from frame to
frame of + 0.0002 inches on the average, and without anv appraciabie
maber ot-values departing from other ualues within a long run by raor,3
than three to four times this amount. The quantity measuring thq
difference between the largest and smnall3st position readings we have
called the "range" in oiir tests below. Tolerances shouldepply in botb
co-ordinAtes in th2 film plane, if we are to use the cameras to provide
a basic reference system on our films, dependent upon the position
the film assumes in the reference fraae of the film analysis pro-
jector. If we succeed in attaining these lnIL, the manpc-er prob-iM

for reduction of prominence Rotion data %iU be greatly lossened,

Sthe tests that follow we have tried out two versions of thr
Fair:-child camara. One we have modified so that it operates smoothly
by rotor, from a UO volt AC supply, without damaging imp~cr, fortm•e
The otter Le an unmodified 28 volt DC solenoid version of thr caq.ra.
joist aA used for radar scope recording.

I!,. THE TESTING PROCEDURE.

Two different cameras wore used in these tests, One (02t-7 In
our designation,) has been substantially modified and hap n5 po5itio o
pins; the oti4er (ONR-3) is unmodified.

For our tests here, as was in the case of tw IUitchell mechanism, (I*)

,ie printed on each frame a shadow image of a cries-cross hair pat-tern)
rigidly )'laced 2 mm. in front of the film emulsion during exp.•sure,
As before, the film used was Eastman Safety Positive Film punchel ;'ith
Bell und Hce ll perforations. Unlike the position pins of the Mitchell
camera, Wnicl, dre more or less form fitting, the )ins of the FaiL-chill
camera, both vhe modified and the unmodifisd onsis are circular in
croa3 section° •he diameter of these cylindrical p'ns is so di--

Smensioned tnat tý.ey touch the straight edges of the perforations at
"(l*) 3;ciqjl Report, 30 April 199 •Xn-nv'mtigation on tie Ac- racy

Sof th* ttchell Mlotion Picture Camera as an Instrument for the .;igistra-

tion and R'dection of Solar F rominenee Photograghs," Dr, Ch• ing-Sung

Yu, Sech $taff, High Altitude Qbservatory, Boulder, Colorado4
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two points in the X-direction (along the strip of film) at hoam in
Figmvrla

•- ~0000

Figure 1.

hor~vsr, along the Y-direction there exist,• in these cameras, astraight edge guide, a•;ainst which the film is gently pressed by a
siiall m~tal spring. This feature contivss to keep the film in good

alignment as far as the i-direction is concerned, but does not
possess the positive advantages of the kinematic film location
principles of the ,itcher. Camera. The accuracy Jix this co-ordinate,
therefore, depends both on the operation efficiency of the spring
and ou the tole'_aace limit of the width of the film from frame to
frame, as well as thR accuracy of preservation of the distance from
the edge of the sprocket holes to the edge of the film. Its accaracy
of re-positioning the film in any given projector gate wiln depend
much on the loca .ion, &1ze and adjustment of the guide and pressure
spring, unlike the Mitchell (or Bell and Howell) cameras.

Advancement of the film between e.posures was done by the
actuators of the Fairdhild camera, which were operated in one case
by a motor and in the o ther by a solenoid, each controlled by
appropriate swiitches.

To cciipare the results of our first test (l*)it would be better
if we couk: uwe the same camera both for exposure and measurement, as
we dA' with tne L~itchell mechanism; the interpretation of results
would then be much si4pler, However, it i3 not possible to do so with
our present rteasuring device, ana since our final use of the apparatus
for tUe :nalysis of films wiLD be made with a measuring Mitchell
mech.'vninm amvyay, tie decided to do the measurements with the Mitchell
mechýnismý koreover, The accuracy of the latter 4nstruinent has
already been investigated, but, of course, the p. tioning sjstem
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of the Mitchell differs from that of the Fairchild camera. There
seem no easy way to use the Fairchild camera for our measuring
machine, however, so the preferred measuring procedure would really
be of academic interest only. We could not have had any hope of
positioning except for tha fact that the Fairchild cameras do most
of their positioning on the same sprocket holes used for the theo-
retieaLLy soundbr positioning scheme of the Mitchell camera.

III. RP-LTS ACHIEV

For these tests we tbreaded the films taken in the Fairchild
camera into the Mitchell mechanism, and then measured the displacement
of a point exposed onto the film in the Fairchild camera from frame to
frame by means of a filar micrometer microscope mounted rigidly with
reference to the Mitchell mechanism. Two asries of measureents were
made, one in the forward 4irection and one in the backward direction
of the Mitchell mechanism, both in the X and Y co-ordinates0

The results are plotted in Figure I and surmarized in Toile I
for the modified camera. Those of the unmodified camera are plotted
in Figure 2 and sumnarized in Table II.

TABLE I - MODIFIED CA42RA

Mean
'i 7 Direction Position Range Average Deviation

Film of (Micrometer (Microleter (Micrometer Inches
Strip Co-or. Mea.uremnt Readings) Division.) Incles Divisions)

Forward 57.15 13,6 .00042 3.98 O000123
Backward 66,,06 13.5 .00042 3.,i6 0ý000098

A
IForward 27.22 34,6 ,,00107 9.03 0,000280

Backward 3052 27,2 0,0084 7.JI0 0,,.000220

rorward 70•80 16JI 00050 3,53 0,000110

Backvard 79,18 12,8 .00040 3,18 0.000099

Forwurd 30,83 35,5 00110t 8.42 0000261
Ba--k .-- l -- - -3 - ---9 -01 8 0025

B .ckard 321 1 39 1 001L21 8,23 O.OO5S
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TAMLE 11 T ~l IMM CAM4E:A

Di~tin. Postin am I AVe 3RO Deviation
M!a Of (Micowter (WMorcmetbr ' 4*jd WJ~u~rA

Strip Co'-c. Measuz-ftent Reading.) IDivisions) Imh.Im Disbiocs) Inhebs

Frad 38.60 "4.a '.M039 5.76 0.00079

Backward 49-03 380' .0M29 I 5.07 0.00015ri

?Gorimrd 509.0 17.2 M.0053 5.28 0.00064

Backward 6.3L. rC ] 313 0-000097

______~ 23-48 41.4 I.00128 1, 0.41 0ý000316

Bakad 33.47 41.5 O0L1.8 10,7'6 0,000334
B

Frad 58-U1 440 00136- 8., 0.o,,woI'~~~~ ~~ II__ _ _ 8 _ _95 0024
Backward 59,,4 42.5 ,M2 A ~10.0'

In 2iue I =3 2, the* abscisses ropresent the auccesativa nttmbers
of fraxmea froma ^rv -=6 of thai flim to '2.te othcfr. All filim were. expoad
in the normal. fmr'xre dir~ection -i*n the Fairculld canzmra Tlit ordinates
give the dic~romte- reatd.1'gs an th spot, impresud upon' the !Im iL th
Fair-chilA oj mara.. 141astaementa in theG V.-Avr-d a .rection of the Mitaheil
mech~nism are si own by ALCI. lines,, thoine in t'-e v'overwe direction b~y
dotted 1ins. " he 10o18gt~l Of the arrowa das~gna-tc tbx) scal.e of the figaro,
being aquivslwt to 0,)CMO78 amz or U,00031 ir.xh per lir, of the
grid.. Thus these. cirvea stwn ktho varlxatio'-s c.f the measured p~oints tro=
frame to frame bok1'r for thý- 11- ai.6 Ti- aaadirA'acc, ým therefore giva F-a

Idaof t~he aeiccrny of t~he quantity - aoak

The av-an pc~~n rnrzSe, w4 avurtgo deviation, an smzmrizecl for
9l.U ce 1.n Tat-lea I &ne IT, are deftna1 6Ad derived reipeotiveaty an
boilo~: t (1 T~ho llmen por Jolta" tc~yiilat~d are tbe &.-I.timntica1 mefltS

of the reeX nge of tha ',ierQ-,ntzr for all 'the frnroos Vt~ken in the atatse!
onof rneasiurom.Mt, (2) Tee "riuv" it, the total, range, tbtained

7b InOi CiA.- .1e dflxr-nc'e butween the M& hot -,~ I weet readiuge fcr any
til"- fra~n-4 aiasmec in the directiont ohwm (3) The zeveag, deviation"
is x~taterg without rega-. to ofn ~ the da iat'1=i (Tpos3ttives and
ne~ati-a from tho %wvr po-3it-lon for all Vtc iasimsu*rea in the
given dl 1r-nono, . T'oth the, 'rnvW M.aa V-e davlation" Constitixt~r
a ~alpfi~cozt meas'o ol thzi acc-i' -ŽNf the 1,1M%-r"O~nt. for' our~x pups01'i.



IV. DISCdSSION OF RESULTS.

The data shown ir the foregoing section are the combined results
of rqistration with the Fairchild and of nsasurement with the Mitchell

he~anism, and not of the Fairchild camera alone . The data therefore
ocstair the accsuacy and desigr- factors of both instruments. Hence in
the c?±cusaions below, this fact should be kept in mind. As ms pointed
outp if our final reduction of films is to be made with this combination,
our test proceduwe is directly significant to our problem. We shall
therefore not atta•t to separate the involved factors.

A. The Modified Coners

The performance of the modified camera is substantially
superior to tbut of the mvmdifiod, The wandering of the
points in Figure l is similar for bo~tb directions of the
Mitchell mechanism, as one would expeot. The wanderings thus
result either from positioning errors of the Fairchild mechanium,
or from dimensional differences from place to place along the
length of the film material, which the design differences
between the cameras make it imposeible to eliminate from the
re~lts To ask the film manufacturer to hold these dim-nsioral
differences down -co acceptable !1mits in tern of our test and
to avoid diffe-rential processing effects is umfeasible. Howe..vex',
the magnitfte of the errors of this origin is fot so largo as to
rule out nimited use of the modified camera for the intended
purpose, The I average deviations fall omfortab.;, within ths
spectfed limits of 2 z .- '4 inches. d the Y average deviaticms
fall at within Ij times t0e specified limits. The difference
between the largest and smallest values of X or Y for a run in
a given direction, which we have called "range', also falls
within our established limias of 6 x i64 inches form X but

Sgoes consistently to about i* to 2 times our limit for Y.

The Mitchell zaeoliinismm, as one Aould expect,, 91how a w
"better performance, and falls generally wall within our apecifiva.ions,
The test of the Mitahell camera also involved an exposing unm
and a measuring ri•., while the Fnirchi~d camera wns iubjectf only
to a single e.)osing, ran through Iti mechaniem. Tho tect of the
MiteheUll ari wao therefcwr moro strixgent. On tl.o other Mmznd
we are able to -zake no satisfaetoqy sup-ratian *f m..xar ring
from the imemensey of aperatiotc of the Fairchild care and
those aricang from d•ire ionaral fctuations in the fn,t The film a1vance meeba ifin, a:on In the mJifai FalchildScamera,; e•,ýmts a 6-,batantial pressure on the regi;!tintJon sproaket.

•. holes a.s the eLar movas back from its fully adv~uced peaitiw• zz
the posit-ion f,)r a now strobe. It may be that • his :f•roux• eR
the sjzocj.at, holes slightly anf,' produces the diffbrenor W, Y, -C1Sforiard and reverse. run in the 1it'hell Hechanlm, Or it nay

W that tiio cmL.re of' 5hi effoeo its of-,erg int o e o
tba Fairchild poW.xioning pins. Or it i7ny be from sor,- o-.hw r

E3



undiscovered cause. It will not adversely affect our planned
measurment because they can readily be carried out in a single
directicu of film motion.,

In describing the usefulness of the Fairchild Camera for
this application we should mention that while wholly satisfactory
for the purpose for which the Fairchild camera was developed,
the film advance and positioning apparatus cannot be expected
to give performance of highest possible registration standards.
Because the film has a straight guide at its one edge against
which it is spring loaded, the two following conditions must
apply precisely, or the over-constraint of the film being positioned
in its plane can only be accomendated by elastic (or worse still
inelastic) deformation of the films

(1) The positioning pins must lie precisely on a line per-
psndicular to the straight edge guide.

(2) The film edge must be accurately perpindicu-lcr to the
registration sprocket holes at each registration position.

In the X-coordinate, the slight alope as shown by the curves
from one end of the film to the other, indicates again the pro-
bably differential shrinkage of the Afilm; this is a feature also
noted in our former analysis. This probably results from the
shortness of the strips used in our test, and will not show up
in long movie runs, we expret

B. The Unmodified Camera

The data for this camers can be seen in Figure 2 and Tab3.e
11 By c~mmaring those with, those o. the modified ofair m (Figutre 1

adTable 1),s it is evident at once that the racistr• t!on
acei-acy el' this camera in the unmodified form -a oe?•z- •les

The average deriation of Strip A Sn X-.oordinate is about 50T
bigger,, an that of Strip B in over three timen as ,ff=Lý in the
Y-comwinate, the figures are coop =-abiv, probably a direct resault

of the straight edge guide in thi. ceoordivate,.

Besiceos tbhe general decreast tf accuracyj in tih.s inst-'uramt,

there are also present certain er.-Itic weh •-i which tray result
from the large Impulses appliad b3 the solenoid driva, For
instance, Frame No. 53 in Strip D is so rmch d~1ace4 th&; the
meacured point can no't, even be loca,.ca insido the fiuro
pount nall.c so far out thait it wa .- divearded in t.e ievriaion
of )U relilts

Aa In th, cea of the ia c1 , tha a.ore t ijo

s1rn-c ftt `9:ýn gi 4U



v. FEO?44.flAT IWON

From the di.-unsions presented abovoe, wve see tIPat the Pairchld
mechanisnm, in its modified fOrM.# although less accurate than the
Mitchall instrtvment, is good enough for a least a part of our purpoDOeu
as a i-*glstrat3.on cam~era. Use of the Mitchell mocIhanism as a. measuring
or projection apparatus, and the Fairchild 'iamora for ozzposing the Milm
providos vw a. reasonably su~itable conibination of i~rwtrLmnen1ta f£kr photO'-
0-raphing arnd anallyzing solar prcmiinence records. AL Ponl and Iloiweli typo
exqpcsing camera wzould undoubted-ly be vastly superior in registration and
op~eratuicn 1-o tu he FairchidA c.z=cr, but, the cost of zuech camorns probably
aubwt.avntinlly exceedr the coot of the FalzchL16i canrcicrao c.rcn i ncludina
the cost of mcxlificati~onsý Aloo the Faiirchl-d camr&er cffers 3ome advantage&1
of cc,_-pactni~s3 and lielht weight_ We plon.,, In the JThti.aro tv do S0171 testo
or-. th;,e Be- a~rxi llo-roia type mo,_hanian,

'ut. A C X.1 9,=G E .M 41 iT. Z

I 'Wifh. to 6.c:ý!CoS LW' tbI-~S to the por o,.2-_e1 of tho rPhy-ica Instrunentn
SRezearch L .tryfor thcŽ±r assa tanro In tiosc -testa a~nd in the

modificati-or of th-3 Fairch.Y1' d c.=ora- Those uore ICAirs :iO£uprevicod
b:. Dr, Ule O' ob3rtv. tait the detailA ed ckria.L vere prcduco at tho

?i instr-=:,tr aud i;Rie-earch 'L bra-tcry.. D)i.t Poborto, alao a-sisted in
L-h n.-nz of 't",osto ca.r-Y! Ifl their int~rxeYc-%-*_qtion an i.,portiid hero,~

Ch, L.-,5ung Yu'
Dec3-zyJ2r 1, 194s9

1A~pruveu fur -- u*. z:dbu.±n a~s

'falter Orr Roberts

15 January 1950


